synthesized by Sangon Biotech Co., Ltd. (Shanghai, China) and listed in Table S1 . Table S1 . The oligonucleotide sequences in this work.
The CHI 660D electrochemical workstation (Shanghai Chen Hua Instrument, China) was used for all electrochemical measurements including electrochemical impedance spectroscopy (EIS), square wave voltammetry (SWV) and cyclic voltammetry (CV). The traditional three-electrode consisted of glassy carbon electrode (GCE, Φ = 4 mm) as working electrode, a saturated calomel reference electrode (SCE) and a platinum wire auxiliary electrode [3] . The pH meter (MP 230, Mettler Toledo, Switzerland) was utilized to perform pH measurements. Scanning electron microscope (SEM, S-4800, Hitachi, Tokyo, Japan) was applied to characterize the size and surface morphology of AuNPs.
Electrochemical measurements
CV and EIS of electrode modification process were carried out in 2 mL 5. 
Preparation of PSC-HP3
First, 300 L PSC-COOH was washed and redispersed in 300 L PBS 7.0. Then, 100 L coupling reagents (200 mM EDC and 50 mM NHS) were added to activate the carboxyl group of PSC-COOH for 1 h. After that, 100 L HP3 (5 M) was mixed with activated PSC and stored at 4 °C for 2 h. During this process, HP3 could be attached on the PSC-COOH surface via an acylation reaction. The resulting PSC-HP3 was separated with magnetic separator to remove unbound HP3 and re-suspended in 500 L Tris-HCl buffer (pH 8.0).
Fabrication of ATP assay
Before use, Apt1, Apt2 and all hairpin oligonucleotides were annealed according to reference [4] . 1 M Apt1, Apt2, HP1 and HP2 were mixed with different concentrations of ATP and incubated for 3 h at 37 °C. Afterwards, 20 L prepared PSC-HP3 was mixed with 20 L of above mixture in a plastic tube for 1 h. During this process, HP3 was autocatalytically cleaved by Mg 2+ and produced amounts of S1, which was attributed to the formation of active Mg 2+ -dependent DNAzyme structure.
Finally, the mixture containing various concentrations of released S1 was collected with magnetic separator.
Meanwhile, a cleaned bare glassy carbon electrode (GCE) [5] was immersed in 2 mL HAuCl 4 (1%) for electrodeposition a thin layer of AuNPs (constant potential: -0.2 V, electrodepositing time: 30 s). Then 15 L DNA1 (2 M) was dropped on the AuNPs-modified electrode and incubated overnight at 4 °C. Next, 10 L MCH (1 mM) was applied to block the nonspecific binding sites for 1 h. Ultimately, 20 L of mixture containing 10 L of preceding released S1 and 10 L of 2 M methylene blue-labeled DNA2 (DNA2-MB) was casted onto the modified electrode and incubated for 90 min at 37 °C to form "Y" junction structure. MB that approached to the electrode was used as signal probe to indicate the amount of ATP. After thoroughly cleaned with ultrapure water, the modified electrode was stored at 4 °C for further usage.
Results and discussion

Characterization of the electrochemical biosensor
CV measurements were employed to characterize the electrochemical biosensor preparation procedure. As shown in Fig. S1A , a couple of well-defined [Fe(CN) 6 ] 3−/4− redox peak could be acquired at a bare GCE (curve a). After electrodepositing AuNPs on the GCE, an obvious increase in peak current was observed (curve b) due to the prominent electronic conductivity of AuNPs. When DNA1 was assembled on the AuNPs-modified electrode by the interaction of Au-N, the peak current was decreased (curve c) owing to the fact that negatively charged DNA effectively repelled the [Fe(CN) 6 ] 3−/4− . As expected, after blocking the nonspecific recognition sites with nonconductive MCH, a further decrease of peak current was obtained (curve d). When the DNA2-MB and the mixture containing S1 were dropped on the electrode, the peak current was decreased (curve e), indicating that the sensing interface was successfully constructed.
EIS was utilized to further verify the fabrication process of electrodes. Fig. S1B displayed the impedance spectra for the different modified electrodes. A relatively small semicircle can be obtained at the bare GCE (curve a). The modification of AuNPs on the GCE resulted in a smaller semicircle (curve b) in comparison with bare GCE, which was attributed to the excellent conductivity of AuNPs. After DNA1 was self-assembled on the modified electrode, the impedance increased obviously (curve c). Upon blocking with MCH, dramatic increase in the impedance was observed (curve d). Finally, the semicircle diameter increased after assembling DNA2-MB and S1, due to the inhibition of "Y" structure to the electron transfer (curve e). These results were in accordance with CV, which clearly clarified the successful modification of proposed electrochemical biosensor. Table S3 . Recovery results for ATP in human serum (n = 3) with electrochemical biosensor.
